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dione family was accomplished employing a nucleophilic amino addition reaction followed by
the Suzuki coupling reaction. The structures of the synthesized compounds were conﬁrmed by
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erties by UV–vis, photoluminescence (PL), and cyclic voltagram (CV) studies.
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Quinones are good electron acceptors and donors of singlet
state ﬂuorescence of ﬂuorophores (Kutzki and Montforts,
2001), and quinones have a covalent bond linkage with different
chromophores and ﬂuorophores which are responsible for do-
nor–acceptor systems with reversible oxidation–reduction func-
tions and potential ‘switching’ properties (Illos et al., 2006). By
exchanging two protons and two electrons the quinone/hydro-quinone redox couple as a reversible process in protic media. Il-
los et al., 2006 had developed and reported a new type of
chemical and electrochemical ﬂuorescent switch (1). Moreover
a few ﬂuorescent chemo sensors have been successfully devel-
oped and studied (Jiang et al., 2009). Organic photo chromic
compounds and photoluminescent materials posses a number
of potential applications in areas like optical information stor-
age, photoregulated molecular switches (Wang et al., 2012,
2013; Lee et al., 2012), cosmetics, textiles, organic light emitting
devices, etc. (Chen et al., 2011; Havare et al., 2011; Leung et al.,
2000).Moreover, this redox couple is involved in numerous bio-
logical electron transport systems (Illos et al., 2005).
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P. Ravichandiran et al.In this study we present the synthesis, photochemical and
electrochemical ﬂuorescent switching properties of carbazole-
6,11-dione derivatives which are synthesized from 1,4-naph-
thoquinone and substituted aromatic amines, and ﬁnally cyc-
lizing the products using palladium (II) acetate as catalyst.
All the synthesized products are well characterized by FT-
IR, 1H NMR, 13C NMR and Mass spectral analysis and
reported.
Experimental
General
Melting points (C, uncorrected) of all the synthesized com-
pounds were checked in capillary tubes by using a digital melt-
ing point apparatus (Labtronics 110, India) and found
uncorrected. All the chemicals and solvents were purchased
from Sigma–Aldrich and Merck, India. Completion of all the
reactions were checked by thin layer chromatography (TLC
silica gel 0.25 mm, 60 G F254 and the eluting solvents were
ethyl acetate: hexane 1:9). All the compounds were character-
ized by UV–vis spectrophotometer (UV-1800, Shimadzu, Ja-
pan) using methanol as solvent, FT-IR spectrometer (IR
Prestige-21, Shimadzu, Japan) using KBr pellets, 1H NMR
spectroscopy in DMSO (500 MHz, Bruker), and 13C NMR
spectroscopy in DMSO (125 MHz, Bruker) using tetramethyl-
silane (TMS) as an internal standard. The emission spectra of
compounds 2a–d were studied using methanol as solvent in a
ﬂuorescence spectrophotometer (Horiba Jobin Yvon, Fluoro
Log 3, Japan). Mass spectra were measured by the Electron
Impact (EI) method (Jeol GC-Mate 2). Electrochemical redox
properties of the compounds were studied by using an electro-
chemical workstation (CH Instruments, Inc., CH1660C,
USA).
General procedure for synthesis of 2-Phenylamino-
[1,4]naphthoquinone derivatives (1a–d)
A mixture of 1,4-naphthoquinone (1 mmol, 0.158 g) and
substituted aromatic amines (1 mmol) was added to absolute
ethanol (50 mL) as solvent and the mixture was reﬂuxed for
10 h. The contents were cooled and the reaction mixture at
room temperature was poured into crushed ice and the precip-
itate formed was collected by vacuum ﬁltration. The product
was dried at 60 C and recrystalized from acetone.
2-Phenylamino-[1,4]naphthoquinone (1a)
Red solid; (0.211 g, 85%); mp > 300 C; IR (KBr):850 (C–H),
1444 (C‚C), 1523 (C‚C), 1596 (C‚C), 1670 (C‚O), 3053
(C–H), 3315 (N–H); 1H NMR (500 MHz, DMSO-d6):6.11 (s,
1H, –CH, quinone), 7.21–7.25 (t, 1H, J= 7.5 Hz, CH, aro-
matic quinone), 7.40 (d, 2H, J= 9.5 Hz, aromatic benzene),
7.43–7.47 (d, 2H, J= 8.5 Hz, aromatic benzene), 7.78–7.81
(t, 1H, J= 7.5 Hz, CH, aromatic benzene), 7.85–7.88 (t, 1H,
J= 7.5 Hz, CH, aromatic benzene), 7.96 (d, 1H, J= 8.5 Hz,
CH, aromatic quinone), 8.07 (d, 1H, J= 8.5 Hz, CH, aro-
matic quinone), 9.24 (s, 1H, aromatic –NH); 13C NMR
(125 MHz, DMSO-d6):102.4, 124.1, 125.7, 126.6, 129.7,
130.9, 133.0, 133.1, 135.3, 138.5, 146.6, 182.0 (C‚O), 183.0
(C‚O); MS (EI): m/z 249 [M+].
362-(2-Methoxy-phenylamino)-[1,4]naphthoquinone (1b)
Red solid; (0.225 g, 81%); mp > 300 C; IR (KBr):725 (C–H),
1460 (C‚C), 1533 (C‚C), 1622 (C‚C), 1670 (C‚O), 2362
(C–H), 3302 (N–H); 1H NMR (500 MHz, DMSO-d6):3.84 (s,
3H, -CH3), 5.78 (s, 1H, CH, quinone), 7.02–7.05 (t, 1H,
J= 7.5 Hz, CH, aromatic quinone), 7.16 (d, 1H, J= 7.5 Hz,
CH, aromatic quinone), 7.25–7.28 (t, 1H, J= 7.0 Hz, CH,
aromatic quinone), 7.36 (d, 1H, J= 6.5 Hz, CH, aromatic qui-
none), 7.76–7.79 (t, 1H, J= 6.5 Hz, CH, aromatic benzene),
7.84–7.87 (t, 1H, J= 6.5 Hz, CH, aromatic benzene), 7.95
(d, 1H, J= 6.5 Hz, CH, aromatic benzene), 8.05 (d, 1H,
J= 7.0 Hz, CH, aromatic benzene), 8.65 (s, 1H, aromatic –
NH); 13C NMR (125 MHz, DMSO-d6):56.2 (-CH3), 103.0,
112.6, 121.3, 124.6, 125.8, 126.5, 126.6, 127.3, 130.7, 133.1,
135.4, 145.9, 152.8, 181.9 (C‚O), 182.8 (C‚O); MS (EI):
m/z 279 [M+].
2-(1,4-Dioxo-1,4-dihydro-naphthalen-2-ylamino)-benzoic acid
(1c)
Red solid; (0.240 g, 82%); mp > 300 C; IR (KBr):752 (C–H),
1533 (C‚C), 1568 (C‚C), 1612 (C‚C), 1667 (C‚O), 2927
(OH), 3088 (N–H); 1H NMR (500 MHz, DMSO-d6):6.56 (s,
1H, CH, quinone), 7.21 (t, 1H, J= 7.6 Hz, CH, aromatic ben-
zene), 7.69–7.71 (m, 2H, aromatic benzene), 7.80–7.83 (t, 1H,
J= 7.5 Hz, CH, aromatic quinone), 7.87–7.90 (t, 1H,
J= 7.5 Hz, CH, aromatic quinone), 7.97 (d, 1H, J= 7.5 Hz,
CH, aromatic benzene), 8.04 (d, 1H, J= 8.0 Hz, CH, aro-
matic quinone), 8.08 (d, 1H, J= 7.0 Hz, CH, aromatic qui-
none), 10.80 (s, 1H, Aromatic –OH), 13.63 (s, 1H, Aromatic
–NH); 13C NMR (125 MHz, DMSO-d6):105.4, 120.2, 121.0,
123.7, 125.8, 126.3, 126.8, 130.7, 132.4, 132.7, 133.4, 134.5,
135.4, 139.1, 140.5, 144.1, 169.1 (C‚O), 181.8 (C‚O), 183.7
(C‚O); MS (EI): m/z 293 [M+].
2-p-Tolylamino-[1,4]naphthoquinone (1d)
Red solid; (0.211 g, 81%); mp > 300 C; IR (KBr):723 (C–H),
1525 (C‚C), 1571 (C‚C), 1600 (C‚C), 1635 (C‚C), 1668
(C‚O), 2304 (C–H), 2922 (C–H), 3325 (N–H); 1H NMR
(500 MHz, DMSO-d6):2.32 (s, 3H, –CH3), 6.04 (s, 1H, CH, qui-
none), 7.24–7.28 (dd, 4H, J= 9.0 Hz, CH aromatic benzene),
7.76–7.79 (t, 1H, J= 7.5 Hz, CH, aromatic quinone), 7.84–
7.87 (t, 1H, J= 7.5 Hz, CH, aromatic quinone), 7.95 (d, 1H,
J= 7.5 Hz, CH, aromatic quinone), 8.06 (d, 1H, J= 7.5 Hz,
CH, aromatic quinone), 9.18 (s, 1H, aromatic –NH); 13C
NMR (125 MHz, DMSO-d6):21.0 (–CH3), 102.0, 124.2, 125.7,
126.5, 130.2, 130.9, 133.0, 133.1, 135.1, 135.3, 135.8, 146.8,
182.0 (C‚O), 182.8 (C‚O); MS (EI): m/z 263 [M+].
General procedure for synthesis of 5H-Benzo[b]carbazole-6,11-
dione derivatives (2a–d)
Method: A
The general procedure was followed by Illos et al., 2006; A
mixture of 2-Phenylamino-[1,4]naphthoquinone derivatives
(1a–d) (1 mmol) and palladium(II) acetate (1 mmol, 0.224 g)
was added to glacial acetic acid (60 mL) and the mixture was
reﬂuxed for 2 h. The reaction mixture was cooled at room tem-
perature and poured into crushed ice. The precipitate formed
was collected by vacuum ﬁltration and dried at 60 C and
recrystalized from acetone.
Synthesis of chemical and electrochemical ‘off–on–off’ ﬂuorescent switches 37Method: B
Mixture of 1a–d (1 mmol) in excess of acetic anhydride
(50 mL) and catalytic amount of Conc.H2SO4 was stirred for
1 h at 0 C and the precipitate was ﬁltered, dried and crystal-
lized from acetone to give 2a–d.
5H-Benzo[b]carbazole-6,11-dione (2a)
Brick red solid; (0.247 g, 77%); mp > 300 C; IR (KBr):754
(C–H), 1471 (C‚C), 1523 (C‚C), 1589 (C‚C), 1651
(C‚O), 2362 (C–H), 3261 (N–H); 1H NMR (500 MHz,
DMSO-d6):7.36–7.39 (t, 1H, J= 8.0 Hz, CH, aromatic qui-
none), 7.44–7.48 (t, 1H, J= 8.5 Hz, CH, aromatic quinone),
7.61 (d, 1H, J= 8.5 Hz, CH, aromatic quinone),7.81–7.84 (t,
1H, J= 7.5 Hz, CH, aromatic benzene), 7.85–7.89 (t, 1H,
J= 8.5 Hz, CH, aromatic benzene), 8.10 (d, 1H, J= 8.0 Hz,
CH, aromatic quinone), 8.13 (d, 1H, J= 8.5 Hz, CH, aro-
matic benzene), 8.21 (d, 1H, J= 7.5 Hz, CH, aromatic ben-
zene), 13.08 (s, 1H, aromatic –NH); 13C NMR (125 MHz,
DMSO-d6):114.3, 117.8, 122.8, 124.3, 124.4, 126.5, 127.4,
133.1, 133.7, 134.5, 134.7, 137.6, 138.7, 178.0 (C‚O), 180.0
(C‚O); MS (EI): m/z 247 [M+].
4-Methoxy-5H-benzo[b]carbazole-6,11-dione (2b)
Brick red solid; (0.277 g, 76%); mp > 300 C; IR (KBr):717
(C–H), 1533 (C‚C), 1591 (C‚C), 1664 (C‚O), 2303 (C–
H), 2929 (C–H), 3273 (N–H); 1H NMR (500 MHz, DMSO-
d6):3.97 (s, 3H, –CH3), 6.99 (d, 1H, J= 7.5 Hz, CH, aromatic
quinone), 7.27–7.30 (t, 1H, J= 8.0 Hz, CH, aromatic qui-
none), 7.79 (d, 1H, J= 8.0 Hz, CH, aromatic quinone),
7.80–7.83 (t, 1H, J= 7.5 Hz, CH, aromatic quinone), 7.84–O
O
+
EtOH, reflux, 10
1a, 2a =R1, R2=H
1b, 2b =R1=OCH3, R2=H
1c, 2c = R1=COOH, R2=H
1d, 2d = R1=H, R2=CH3
Where
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Scheme 2 Chemical redox proces7.87 (t, 1H, J= 6.0 Hz, CH, aromatic benzene), 8.08–8.11 (t,
2H, J= 7.5 Hz, aromatic benzene), 8.82 (s, 1H, aromatic
–NH); 13C NMR (125 MHz, DMSO-d6):56.1 (–CH3), 107.2,
114.7, 118.3, 125.4, 125.9, 126.4, 126.5, 129.5, 133.2, 133.6,
134.4, 134.5, 137.4, 147.9, 177.6 (C‚O), 180.9 (C‚O); MS
(EI): m/z 277 [M+].
6,11-Dioxo-dihydro-5H-benzo[b]carbazole-4-carboxylic acid
(2c)
Brick red solid; (0.218 g, 75%); mp > 300 C; IR (KBr):950
(C–H), 1408 (C‚C), 1523 (C‚C), 1585 (C‚C), 1654
(C‚C), 1708 (C‚O), 2924 (OH), 3219 (N–H); 1H NMR
(500 MHz, DMSO-d6):7.48 (t, 1H, J= 7.5 Hz, CH, aromatic
quinone), 7.82–7.85 (t, 1H, 7.5 Hz, CH, aromatic quinone),
7.86–7.89 (t, 1H, J= 7.0 Hz, CH, aromatic benzene), 8.03
(d, 2H, J= 7.5 Hz, CH, aromatic quinone), 8.10–8.12 (t,
2H, J= 6.5 Hz, aromatic benzene), 8.46 (d, 1H, J= 8.0 Hz,
CH, aromatic quinone), 11.46 (s, 1H, aromatic –NH); 13C
NMR (125 MHz, DMSO-d6):116.9, 118.0, 124.3, 125.3,
125.3, 126.6, 128.0, 129.7, 132.9, 133.9, 134.2, 134.8, 137.0,
138.0, 167.5 (C‚O), 177.4 (C‚O), 180.8 (C‚O); MS (EI):
m/z 291 [M+].
2-Methyl-5H-benzo[b]carbazole-6,11-dione(2d)
Brick red solid; (0.198 g, 76%); mp > 300 C; IR (KBr):800
(C–H), 1431 (C‚C), 1483 (C‚C), 1531 (C‚C), 1591
(C‚C), 1639 (C‚C), 1664 (C‚O), 3223 (N–H); 1H NMR
(500 MHz, DMSO-d6):2.45 (s, 3H, –CH3), 7.28 (d, 1H,
J= 8.5 Hz, CH, aromatic quinone), 7.48(d, 1H, J= 8.5 Hz,
CH, aromatic quinone), 7.79–7.82 (t, 1H, J= 6.0 Hz, CH, h
Ac2O/H+, 0 o C, 1 h
(OR) 
Pd(OAc)2, AcOH, reflux, 2 h
O
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s of compounds 2a–d to 3a–d.
Figure 1 UV–vis absorption spectra of compound 2a(Quinone)
and its reduced form 3a(Hydroquinone) in methanol.
Figure 2 UV-vis absorption spectra of compound 2b(Quinone)
and its reduced form 3b(Hydroquinone) in methanol.
Figure 3 UV-vis absorption spectra of compound 2c(Quino
38 P. Ravichandiran et al.aromatic quinone), 7.83–7.86 (t, 1H, J= 8.5 Hz, CH, aro-
matic quinone), 7.99 (s, 1H, CH, aromatic benzene), 8.07–
8.11 (t, 2H, J= 8.5 Hz, aromatic benzene), 12.97 (s, 1H, aro-
matic –NH); 13C NMR (125 MHz, DMSO-d6):21.7 (-CH3),
114.0, 117.4, 122.0, 124.7, 126.4, 126.5, 129.3, 133.1, 133.6,
133.8, 134.6, 137.1, 137.5, 177.9 (C‚O), 180.7 (C‚O); MS
(EI): m/z 260 [M–1].
Results and discussion
The compounds (1a–d) were synthesized by the nucleophilic
amino addition reaction of equal mole concentrations of 1,4-
naphthoquinone and substituted aromatic amines in the pres-
ence of absolute ethanol. The mixture was reﬂuxed for 10 h
and the yield obtained was 81–85%. Previously Illos et al.,
2006, reported the same nucleophilic amino substitution in
the presence of absolute ethanol stirred at room temperature
for 96 h. Bernardo et al., 2007, reported the same reaction in
the presence of waterglacial acetic acid mixture at reﬂuxed con-
dition and the yield was between 49–62%. In our previous re-
port (Ravichandiran et al., 2016) the nucleophilic amino
addition and substitution reactions with 1,4-quinone moiety
in the presence of ethanol, water and solvent free microwave
system have been reported. Based on the above literature we
attempted the amino substitution reaction with 1,4-naphtho-
quinone in the presence of water as solvent and the reaction
was not at all successful. A number of inseparable compounds
were formed and the yield was low (25%) compared to ethanol
mediated amino addition. The second step intramolecular car-
bon–carbon bond linkage was employed by palladium (II) ace-
tate in the presence of glacial acetic acid and the product yield
was 75–77%. The percentage of yield (2a–d) is comparatively
very good. In their report Illos et al., 2006, did not provide
any percentage yield information and Bernardo et al., 2007,
in their report, reported that the yields were 18–62% for the
palladium catalyzed reaction. Moreover we designed and syn-
thesized simple molecular ‘‘off–on-off’’ ﬂuorescent switches
without adding any additional ﬂuorophores and without anyne) and its reduced form 3c(Hydroquinone) in methanol.
Figure 4 UV-vis absorption spectra of compound 2d(Quinone)
and its reduced form 3d(Hydroquinone) in methanol.
Figure 6 Fluorescence emission spectra of compound 2b(Qui-
none) and its reduced form 3b(Hydroquinone) in methanol.
Figure 7 Fluorescence emission spectra of compound 2c(Qui-
none) and its reduced form 3c(Hydroquinone) in methanol.
Synthesis of chemical and electrochemical ‘off–on–off’ ﬂuorescent switches 39additional synthetic steps previously reported (Illos et al.,
2006) (see Schemes 1 and 2).
The UV–vis spectrum (Fig. 1) of compound 2a shows two
p  p* absorptions at 383 and 270 nm respectively. The
absorption at 383 nm is obtained due to the intramolecular
charge transfer. In the reduction of quinone (2a) to hydroqui-
none (3a) (3 · 103 M methanolic solution of NaBH4 reacting
with 3.43 · 105 M of 2a, Illos et al., 2006) complete disap-
pearance of the absorbance at 383 nm is observed. This change
is visible as the solution turns from yellow to colorless. A blue
shift of absorbance at 338 nm was observed for compound 3a.
But compound 2b (Fig. 2) showed three p  p* absorptions at
384, 267, and 244 nm. Hydroquinone (3b) of compound 2b
shows an absorption band of blue shift of an intense peak at
347 nm. Compound 2c (Fig. 3) showed three absorption peaks
at 380, 271 and 256 nm, respectively. The blue shift of its
hydroquinone (3c) shows a more intense absorption at
330 nm. Compound 2d (Fig. 4) shows two p  p* absorptions
at 394 and 270 nm. The hydroquinone (3d) of compound 2d
shows a blue shift at 342 nm. These processes are reversible
and the conversion between the quinone and hydroquinone re-
dox couple is almost 100% which is conﬁrmed by UV–vis
absorption. The ﬂuorescence emission spectra (Figs. 5–8) of
compounds (2a–d) are quenched. The hydroquinone of allFigure 5 Fluorescence emission spectra of compound 2a(Qui-
none) and its reduced form 3a(Hydroquinone) in methanol.
Figure 8 Fluorescence emission spectra of compound 2d(Qui-
none) and its reduced form 3d(Hydroquinone) in methanol.
Figure 11 Cyclic voltagram of compound 2c(98:2 of acetoni-
trile:water containing 0.1 M of TBAPF6 under an Ar atmosphere).
Potentials are reported against silver wire as reference electrode
40 P. Ravichandiran et al.the carbazole-6,11-diones (3a–d) shows a more intense emis-
sion. The emissions of compounds 2a–d are not solvent depen-
dent and it is fully quenched in polar organic solvents. The
quenching in alcoholic medium results in an incomplete con-
version of hydroquinone to quinone. Some emissions are ob-
served from the quinone form in all the compounds (2a–d).
The reduction of quinones to hydroquinones is a reversible
process and it can be done by both chemical and electrochem-
ical methods. The cyclic voltagram (CV) of compounds 2a–d
were carried out in acetonitrile–water mixture as solvent
(98:2). Tetrabutyl ammonium hexa ﬂuoro phosphate
(TBAPF6) was used as a supporting electrolyte. Glassy carbon,
platinum and silver wires served as the working, counter and
reference electrodes respectively. From all the electrochemical
redox processes a two electron reduction and oxidation was
observed. All the potentials were reported against silver wire.
In compound 2a, the ﬁrst reversible reduction wave was ob-
served at 0.61 V (E11=2 ¼ 0:61 V) and the second reductionFigure 9 Cyclic voltagram of compound 2a(98:2 of acetoni-
trile:water containing 0.1 M of TBAPF6 under an Ar atmosphere).
Potentials are reported against silver wire as reference electrode
(Inset: Square root of scan rate vs. peak current).
Figure 10 Cyclic voltagram of compound 2b(98:2 of acetoni-
trile:water containing 0.1 M of TBAPF6 under an Ar atmosphere).
Potentials are reported against silver wire as reference electrode
(Inset: Square root of scan rate vs. peak current).
(Inset: Square root of scan rate vs. peak current).
Figure 12 Cyclic voltagram of compound 2d(98:2 of acetoni-
trile:water containing 0.1 M of TBAPF6 under an Ar atmosphere).
Potentials are reported against silver wire as reference electrode
(Inset: Square root of scan rate vs. peak current).wave at 1.10 V (E11=2 ¼ 1:10 V). Compound 2b shows the
ﬁrst reduction wave at 0.72 V (E11=2 ¼ 0:72 V) and the sec-
ond reduction wave at 1.18 V (E11=2 ¼ 1:18 V). Compound
2c shows the ﬁrst reduction wave at 0.70 V
(E11=2 ¼ 0:70 V) and the second reduction wave at 1.17 V
(E11=2 ¼ 1:17 V). Finally the compound 2d shows the ﬁrst
reduction curve at 0.72 V (E11=2 ¼ 0:72 V) and second
reduction curve at 1.16 V (E11=2 ¼ 1:16 V). The ﬁrst and sec-
ond reduction waves indicate the reduction of quinone to
hydroquinone moiety. The square root scan rate vs. peak cur-
rent explained about the linear relationship, which conﬁrmed
that this reversible process is a diffusion controlled process
(see Fig. 9–12).
In conclusion it is observed that, out of all the synthesized
compounds, compound 2c exhibits good photochemical and
electrochemical ﬂuorescent switching property due to the
auxochromic effect of carboxylic acid functional group.
Synthesis of chemical and electrochemical ‘off–on–off’ ﬂuorescent switches 41Conclusion
In summary, we synthesized and report simple molecular ‘‘off–
on–off’’ ﬂuorescent switches without any additional ﬂuoro-
phores. The switching properties were demonstrated by UV–
vis, ﬂuorescent spectrophotometer and electrochemical cyclic
voltagram. Among all the synthesized derivatives (2a–d) com-
pound 2c exhibited good chemical and electrochemical ‘‘off–
on-off’’ switching properties. In the molecules (2a–d), the ﬂuo-
rophores can be changed and many more varieties of molecu-
lar switching organic molecules can be obtained.Acknowledgement
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